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FOREWORD 


Since  1970  there  have  been  several  sediment  surveys  in  the  St.  Lawxence  River  along  the 
Cornwall  waterfront  to  delineate  the  extent  of  sediment  contamination  and  to  associate  these 
contaminants  with  local  point  sources.  These  surveys  identified  mercury  contaminated  sediment 
extending  downstream  from  Domtar  Fine  Paper  Ltd.  and  ICI  Forest  Products  (formerly  called 
CIL),  and  adjacent  to.  and  downstream  of  the  former  Courtaulds  Fibres  Canada  property  (herein 
referred  to  as  Courtaulds)  (MOE  1979;  Kauss  et  al.  1988;  Anderson  1990;  Richman  1994; 
Richman  1996).  Sediment  samples  collected  in  both  these  areas  since  1970  exceeded  the  "severe 
effect  level"  (SEL)  of  the  Ontario  Sediment  Quality  Guidelines  for  mercury  and  sediment 
collected  downstream  of  Courtaulds  also  exceeded  the  SEL  for  lead,  copper  and  zinc. 

This  project  was  put  forward  by  the  Cornwall  Sediment  Management  Plan  committee  to  provide 
information  for  the  development  of  a  plan  to  address  contaminated  sediment  in  the  St.  Lawrence 
River  at  Cornwall,  Ontario.  The  data  from  this  report  will  be  integrated  with  additional 
information  generated  by  related  studies  in  the  St.  Lawrence  River  so  that  sediment  management 
options  can  be  proposed. 

This  report  has  been  prepared  under  the  auspices  of  the  Canada-Ontario  Great  Lakes  Remedial 
Action  Plan  Program.  Financial  support  for  the  sampling  projects,  data  analysis  and  report 
writing  was  provided  by  Environment  Canada  (EC)  and  the  Ontario  Ministry  of  Environment 
(MOE).  This  was  a  collaborative  project  between  MOE  (Environmental  Monitoring  and 
Reporting  Branch  and  Eastern  Region)  and  EC  (Environmental  Conser\'ation  Branch; 
Restoration  Program  Division  and  National  Water  Research  Institute). 

The  report  presents  the  findings,  recommendations,  and  conclusions  of  the  author,  and  does  not 
necessarily  represent  the  views  or  policies  of  the  supporting  agencies. 

For  additional  technical  reports  or  information  on  the  St.  Lawrence  River  Remedial  Action  Plan 
(RAP),  contact  the  Ontario  Ministry  of  Environment  at  133  Dalton  Road.  Kingston  Ontario. 
K7L  4X6. 
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SUMMARY 

The  St.  Lawrence  River  near  Cornwall.  Ontario  was  designated  as  a  Great  Lakes  Area  of 
Concern  (AOC)  in  1985  by  the  International  Joint  Commission  in  part  because  of  contaminated 
sediment  located  along  the  north  shore  of  the  Cornwall  waterfront.  Sediment  surveys  along  the 
waterfront  since  1970  showed  sediment  concentrations  greater  than  the  "severe  effect  level" 
(SEL)  of  the  Ontario  Sediment  Quality  Guidelines  for  mercury  extending  downstream  from 
Domtar  Fine  Paper  Ltd.  (herein  referred  to  as  Domtar)  and  ICI  Forest  Products  (formerh  called 
CIL).  Sediment  downstream  of  the  former  Courtaulds  Fibres  Canada  facility  (herein  referred  to 
as  Courtaulds)  had  concentrations  greater  than  the  SEL  for  mercury,  lead,  copper  and  zinc  (MOE, 
1979;  Kauss  et  al.  1988;  Anderson  1990;  Richman  1994;  Richman  1996).  As  such,  a  Remedial 
Action  Plan  (RAP)  to  improve  the  local  conditions  of  the  aquatic  environment  identified  the  need 
to  address  the  issue  of  sediment  contamination  along  the  Cornwall  waterfront  (Dreier  et  al. 
1997). 

Prior  to  the  development  of  a  sediment  management  strategy  for  the  waterfront  more  recent 
information  was  required  on  the  local  sediment  quality  to  identify'  areas  of  contaminated 
sediment  which  may  require  consideration  for  remediation. 

The  objectives  of  the  1997  sediment  survey  were  as  follows: 

(1)  to  determine  if  concentrations  of  various  metals  and  organics  in  sediment  located  in  a 
deposition  zone  about  1.4  km  downstream  of  the  Domtar/ ICI  diffuser  and  adjacent  to  the 
north  east  side  of  Cornwall  Island  exceed  the  Provincial  Sediment  Quality-  Guidelines 
"severe  effect  level"  (SEL)  and  "lowest  effect  level"  (LEL). 

(2)  to  update  sediment  quality  information  downstream  of  the  Courtaulds  facility  using 
sampling  sites  based  on  a  1994  MOE  sediment  survey. 

Sediment  was  collected  from  24  stations  using  a  mini-box  corer  (Figure  1 ).  At  each  station  1 0 
cm  cores  (using  10  cm  core  tubes,  diameter-6.5  cm)  and  surface  samples  (top  3  cm)  were 
collected  from  the  mini-box  corer.  Sediment  samples  were  analysed  for  trace  metals,  phosphorus, 
%  TOC  and  particle  size. 

All  sediment  samples  collected  along  the  Cornwall  waterfront  (north  shore  of  the  channel) 
exceeded  the  LEL  for  mercury  and  46  %  of  the  samples  exceeded  the  SEL.  The  highest 
concentrations  of  mercur>-  in  10  cm  core  samples  (19.5  wg/g  and  1 1.2  wg'g)  were  detected  in 
sediment  collected  downstream  of  Courtaulds  at  stations  CS131  and  CS128  respectively.  In 
contrast,  all  stations  on  the  south  side  of  the  channel  had  mercur>'  concentrations  less  than  the 
LEL  indicating  that  this  area  was  not  contaminated.  These  results  were  consistent  with  previous 
sediment  sur\eys  (MOE  1979;  Kauss  et  al.  1988;  Anderson  1991;  Richman  1994.  1996). 
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A  comparison  of  metal  sediment  concentrations  in  samples  (10  cm.  cores)  collected  from  the 
north  side  of  the  north  channel  showed  that  median  concentrations  of  cadmium  (0.89  wg/g), 
nickel  (24  wg/g)  and  TOC  (2.5%)  were  similar  to  concentrations  detected  on  the  south  side  of  the 
channel  (1.02  wg/g,  30.8  wg/g  and  2.5%  respectively).  Median  concentrations  of  copper  and  lead 
were  also  similar  on  both  sides  of  the  channel,  however,  the  range  in  concentrations  for  copper 
and  lead  was  higher  on  the  north  shore  than  the  south.  Stations  with  the  highest  concentrations  of 
copper  and  lead  were  located  downstream  of  Courtaulds.  Median  concentrations  of  zinc  (186 
wg/g)  were  higher  on  the  north  shore  compared  with  the  south  shore  (136  wg/g)  indicating 
enrichment  for  this  parameter  as  would  be  expected  based  on  historical  discharge  patterns  from 
Courtaulds  and  confirmed  in  previous  sediment  surveys  (Kauss  et  al.  1988;  Anderson  1991; 
Richman  1994,  1996). 

A  comparison  of  particle  size  corrected  data  from  Cornwall  with  data  from  an  upstream  reference 
area  showed  that  the  sediment  along  the  north  side  of  the  channel  was  enriched  with  zinc  at  all 
stations  and  with  lead  and  copper  at  selected  stations  downstream  of  Courtaulds  which 
historically  discharged  these  metals  (MOE  1992a).  Particle  size  corrected  data  showed  that  all 
stations  along  the  north  shore  (downstream  of  the  Domtar/ICI  diffusers  and  downstream  of 
Courtaulds)  were  enriched  with  mercury  compared  with  the  upstream  reference  area.  All  three 
industries  were  known  dischargers  of  mercury  (MOE  1979;  MOE  1992a&b).  Particle  size 
corrected  data  also  showed  the  same  pattern  described  above  (i.e.  higher  concentrations  on  the 
north  shore),  when  comparing  concentrations  of  mercur>-.  lead,  zinc  and  copper  in  sediment 
from  the  north  side  relative  to  sediment  concentrations  on  the  south  side  of  the  channel, 
confirming  that  the  south  side  of  the  channel  was  not  impacted  by  local  industrial  sources. 

A  statistical  examination  of  the  relationships  among  contaminant  concentrations  at  all  sampling 
locations  (Principal  Component  Analysis),  grouped  Hg.  Pb,  Zn  and  Cu  together  indicating  that 
these  parameters  were  correlated  with  one  another  (i.e.  exhibited  similar  patterns  of  variation 
from  one  location  to  another).  Stations  with  high  Hg.  Pb,  Zn  and  Cu  sediment  concentrations 
were  also  grouped  together  and  were  all  located  downstream  of  Courtaulds  which  historically 
discharged  these  metals. 

An  assessment  of  contaminant  concentrations  in  the  bottom  1 0  cm  of  selected  cores  confirmed 
that  stations  about  1 .4  km  downstream  of  the  Domtar/ICI  diffusers  were  historically 
contaminated  by  mercur>-.  These  results  were  consistent  with  data  from  the  1970's  (MOE  1979; 
Kauss  et  al.  1988).  The  high  concentrations  (4.63  wg/g  and  13.70  wg/g)  were  likely  due  to 
upstream  discharges  of  mercur>'  from  the  Fly  Creek  sewer  and  from  the  Domtar/ICI  diffuser 
when  it  came  on  line  in  1972  and  replaced  the  Fly  Creek  sewer.  Surface  samples  from  these 
stations  show  some  enrichment  of  mercmy  relative  to  the  south  side  of  the  north  channel  (which 
was  not  impacted  by  local  sources)  and  relative  to  upstream  reference  stations,  however,  present 
concentrations  were  below  the  SEL  and  lower  than  contaminated  sites  downstream  of 
Courtaulds. 
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An  analysis  of  covariance  (ANCOVA)  was  used  to  compare  metal  concentrations  in  the  1997 
surface  sediment  samples  (top  3  cm)  with  the  concentrations  in  the  1997  core  samples  (top  10 
cm)  collected  from  the  same  stations  to  review  changes  in  contaminant  concentrations  o\er  time. 
This  was  based  on  the  assumption  that  the  top  3  cm  of  sediment  represented  the  most  recent 
sediment  quality'.  The  ANCOVA  found  that  there  was  no  significant  difference  in  metal 
concentrations  in  the  siorface  samples  compared  with  the  10  cm  core  top  samples  for  all  the 
parameters  tested  with  the  exception  of  cadmium  and  chromium  which  showed  weak  statistical 
differences.  This  suggests  that  sediment  quality'  has  not  changed  at  the  surface  relative  to  the 
imderlying  sediment.  However,  sediment  mixing  due  to  bioturbation  and  other  physical  processes 
within  the  river  ma\'  make  any  change  in  sediment  quality  too  small  to  measure  within  the  top  10 
cm. 


CONCLUSIONS 

1)  Surface  sediment  located  in  the  deposition  zone  about  1.4  km  downstream  of  the  Domtar/ICI 
dijfuser  has  mercury  concentrations  that  were  greater  than  the  LEL  but  less  than  the  SEL. 
Sediment  at  this  site  was  historically  contaminated  with  mercury.  This  is  evident  from  high 
concentrations  in  sediment  collected  from  the  bottom  of  the  core  (4.63  wg/g  and  13.70  wg/g) 
relative  to  mercury  concentrations  in  sediment  at  the  top  of  the  core  sample  (1.19  wg/g  and  1.  ''I 
Mg/g  respectively)  .  This  area  was  not  contaminated  with  other  metals. 

2)  Sediment  located  adjacent  to  the  north  east  side  of  Cornwall  Island  was  not  contaminated 
with  metals. 

3)  The  highest  concentrations  of  mercury,  lead,  copper  and  zinc  in  the  study  area  were  located 
downstream  of  the  former  Courlaulds  Fibre  Canada  facility.  Remediation  of  contaminated 
sediment,  if  considered,  should  be  focussed  in  this  deposition  zone.  Sampling  sites  in  this  area 
could  be  used  for  future  monitoring  to  assess  changes  in  sediment  quality  with  time. 
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INTRODUCTION 

Since  1970  there  have  been  several  sediment  surveys  in  the  St.  Lawrence  River  along  the 
Cornwall  waterfront  to  delineate  the  extent  of  sediment  contamination  and  to  associate  these 
contaminants  with  local  point  sources.  These  sur\'eys  identified  mercurv-  contaminated  sediment 
extending  downstream  from  Domtar  Fine  Paper  Ltd.  (herein  referred  to  as  Domtar)  and  ICl 
Forest  Products  (formerly  called  CIL),  and  adjacent  to.  and  downstream  of  the  former  Courtaulds 
Fibres  Canada  property'  (herein  referred  to  as  Courtaulds)  (MOE  1979;  Kauss  et  al.  1988; 
Anderson  1990;  Richman  1994;  Richman  1996)  (Figure  1).  Sediment  samples  collected  in  both 
these  areas  since  1970  exceeded  the  "severe  effect  level"  (SEL)  of  the  Ontario  Sediment  Quality' 
Guidelines  for  mercury  and  sediment  collected  downstream  of  Courtaulds  also  exceeded  the  SEL 
for  lead,  copper  and  zinc. 

Local  industries  located  upstream  of  the  areas  with  contaminated  sediment  have  discharged 
mercury',  zinc,  lead  and  copper  to  the  St.  Lawrence  River.  Based  on  a  six  month  a\erage  loading 
calculation  from  October  1989  to  March  1990.  Courtaulds  Fibres  Canada  was  one  of  the  largest 
dischargers  of  zinc  in  Ontario.  Courtaulds  discharged  399.95  kg/d  of  zinc.  2.25  kg/d  of  lead. 
0.726  kg/d  of  copper  and  0.120  kg/d  of  mercury  (MOE  1992a-unpublished  data).  Historically 
Courtaulds  discharged  higher  concentrations  of  lead  because  of  the  corrosion  of  their  lead  pipes 
and  their  use  of  lead  as  a  lining  in  their  acid  storage  tanks.  Prior  to  its  closure,  the  company-  had 
almost  completely  replaced  its  lead  pipes  and  tank  lining  with  plastic  products  reducing  the 
concentrations  of  lead  that  were  discharged  to  the  river,  however,  the  company  still  discharged 
higher  lead  concentrations  than  the  other  local  upstream  sources  in  the  study  area  (MOE 
1992a.b).  Courtaulds  also  decreased  its  mercury  loadings  to  the  river  due  to  changes  in  their 
distributors  of  caustic  soda  and  sulphuric  acid  which  were  contaminated  with  mercury.  howe\er. 
concentrations  in  their  effluent  were  still  higher  than  other  local  sources  when  data  was  collected 
in  1989.  In  November  1992,  Courtaulds  Fibres  Canada  closed  its  facility  in  Cornwall.  Ontario. 

Domtar  discontinued  its  use  of  mercurial  slimicides  in  1964  (MOE  1979)  and  according  to  six 
month  average  loading  calculation  from  January  1990  to  June  1990.  Domtar  discharged  5.7  kg/d 
of  zinc  and  0.843  kg/d  of  copper  (MOE  1991).  ICI  significantly  reduced  its  loadings  of  mercury 
to  water  in  the  early  1970s  to  an  average  of  23  kg/yr  (0.063  kg/d)  from  a  high  of  590  kg/yT  (MOE 
1979;  MOE  1992b).  ICI  discharged  insignificant  amount  of  zinc  (0.1 1 1  kg/d)  relative  to 
Courtaulds  and  0.178  kg/d  of  lead  and  0.082  kg/d  of  copper.  ICI  closed  its  Cornwall  chlor-alkali 
plant  in  1995. 

The  St.  Lawrence  River  near  Cornwall.  Ontario  was  designated  as  a  Great  Lakes  .Area  of 
Concern  (AOC)  in  1985  by  the  International  Joint  Commission  in  part  because  of  the  mercury 
contaminated  sediment.  As  such,  a  Remedial  Action  Plan  (RAP)  to  improve  the  local  conditions 
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of  the  aquatic  environment  identified  the  need  to  address  the  issue  of  sediment  contamination 
along  the  Cornwall  waterfront  (Dreier  et  al.  1997). 

Prior  to  the  development  of  a  sediment  management  strateg\'  for  the  waterfront  more  recent 
information  was  required  on  the  sediment  quality  located  in  a  deposition  zone  about  1.4  km 
downstream  of  Domtar  and  ICI.  As  well,  this  survey  provided  an  opportimity  to  reassess  the 
sediment  qualit>'  of  a  deposition  zone  on  the  south  side  of  the  north  channel  adjacent  to  Cornwall 
Island  identified  through  the  use  of  the  RoxAnn™  seabed  classification  system  (Rukavina  1997). 
This  area  was  sampled  previously  by  the  Ministry  of  Environment  (MOE)  and  was  shown  not  to 
be  contaminated  by  local  point  source  discharges  (MOE,  1979;  Kauss  et  al.  1988;  Anderson 
1990). 

The  objectives  of  the  1997  sediment  survey  were  as  follows: 

(1)  to  determine  if  concentrations  of  various  metals  and  trace  organics  in  sediment  located 
in  a  deposition  zone  about  1.4  km  downstream  of  the  Domtar/ICI  diffuser  and  adjacent  to 
the  north  east  side  of  Cornwall  Island  exceed  the  Provincial  Sediment  Quality  Guidelines 
"severe  effect  level"  (SEL)  and  "lowest  effect  level"  (LEL). 

(2)  to  update  sediment  quality  information  downstream  of  the  former  Courtaulds  Fibres 
Canada  facility  using  sampling  sites  based  on  a  1994  MOE  sediment  survey. 

Accordingly,  sediment  was  collected  jointly  by  MOE  and  Environment  Canada  (EC)  from  24 
stations  in  October  1 997,  and  samples  were  analysed  for  a  range  of  contaminants  and  physical 
parameters. 


METHODOLOGY 

Sampling  Stations  and  Field  Methods 

Sediment  was  collected  from  24  stations  using  a  mini-box  corer  from  October  21  to  23.  1997 
(Figvire  1).  Results  from  detailed  acoustic  mapping  of  bottom  sediment  tj'pe.  grain-size  t}.pes  and 
sediment  thickness  using  a  RoxAnn™  seabed  classification  system  were  used  to  choose  sampling 
stations  (Rukavina  1997).  Appendix  A  provides  details  on  exact  station  locations.  .A.  boat 
equipped  with  RoxAnn™  was  used  to  identify-  areas  v^ith  sufficient  soft  sediment  for  efficient  use 
of  the  mini-box  corer.  These  sites  were  marked  with  floats  and  the  exact  northing  and  easting 
were  recorded  using  a  differential  Global  Positioning  System  (DGPS).  The  sampling  vessel  then 
returned  to  these  locations  for  sediment  sample  collection.  An  attempt  was  made  to  return  to  sites 
previously  sampled  in  1994  but  deviations  in  the  location  of  some  of  the  stations  from  the  1994 
survey  grid  were  required  to  meet  the  needs  of  the  mini-box  corer. 


At  each  station  two  10  cm  cores. (using  10  cm  core  tubes,  diameter-6.5  cm)  were  collected  from 
the  mini-box  corer  (38  x  38  x  46  cm),  homogenized  in  a  hexane  rinsed  glass  tray  using  a  stainless 
steel  hexane  rinsed  spatula  and  split  into  three  pre-cleaned  500  mL  amber  sample  jars  with 
Teflon  lined  lids.  Care  was  taken  to  rinse  all  mixing  tools  and  tray  with  water  and  hexane 
between  sampling  stations  to  avoid  cross  contamination.  Sediment  in  one  jar  was  analysed  for 
organics,  one  jar  for  trace  metals,  TOC  and  particle  size  analysis,  and  one  jar  for  mercury 
analysis.  Three  surface  samples  (top  3  cm)  were  collected  from  each  station  by  removing 
sediment  from  the  mini-box  corer  using  a  3  cm  square  surface  sampler.  These  were  homogenized 
and  placed  in  one  jar  for  metals  (including  mercury),  TOC  and  particle  size  analysis.  All  samples 
were  frozen  at  -20C  until  samples  analysis. 

At  six  stations  (three  stations  about  1 .4  km  downstream  ot  Domtar/ICI  and  three  stations  located 
in  the  deposit  on  the  south  side  of  the  north  channel),  two  frill  length  cores  were  collected  from 
the  box  corer  (maximum  depth  of  box-corer:  46  cm)  to  assess  contamination  at  the  bottom  of  the 
cores  as  well  as  within  the  top  10  cm  of  the  cores.  At  these  stations  the  top  10  cm  from  each  full 
length  core  was  sectioned  and  homogenized  (rather  than  using  the  1 0  cm  core  mbes)  and  the 
bottom  10  cm  of  the  two  cores  were  sectioned  and  then  homogenized.  The  samples  were  split 
into  sample  jars  as  described  above.  The  total  lengths  of  these  cores  are  provided  in  Appendix  A. 

QA/QC  samples  were  collected  at  five  stations  to  evaluate  sample  variability  within  the  mini-box 
corer.  First  routine  samples  were  collected  at  these  stations  as  described  above.  Then  a  second 
mini-box  core  sample  was  collected  and  six  10  cm  cores  were  removed.  Pairs  of  10  cm  cores 
were  homogenized  per  box  corer  sample  resulting  in  a  total  of  three  replicate  samples  for  "'within 
box"  variability  analysis.  This  procedure  was  performed  at  four  of  the  five  QA/QC  stations.  The 
samples  from  three  of  the  stations  were  analysed  for  the  parameters  described  in  Table  1,  and  the 
samples  from  the  fourth  station  were  archived.  The  fifth  QA/QC  station  was  used  to  evaluate 
laboratory  analytical  precision  and  variabilit}'  due  to  sample  handling  and  collection.  Two  of  the 
three  replicate  samples  collected  at  this  station  were  each  split  three  ways.  The  three  sub-samples 
from  each  replicate  were  analysed  for  metals  (excluding  mercury),  TOC  and  particle  size.  The 
third  single  replicate  was  analysed  for  all  the  parameters  listed  in  Table  1 . 

In  order  to  assess  temporal  trends  between  1997  and  1994  data,  an  interlaboratory  comparison  of 
metals  and  particle  size  analysis  was  required  since  the  EC  lab  was  responsible  for  the  1 997 
analysis  and  the  MOE  lab  analysed  the  1994  sediment  samples.  At  nine  stations  sediment 
samples  were  split  for  interlaboratory  comparisons  between  MOE  and  EC.  Two  10  cm  cores 
were  homogenized  and  split  into  two  samples.  Results  were  available  for  eight  stations  due  to 
breakage  of  one  sample  container  in  transit. 

Contaminant  Analysis  of  Sediment 

Sediment  samples  were  analysed  for  particle  size,  a  complete  ICP  metal  scan,  total  phosphorus, 
%  TOC  and  polycyclic  aromatic  hydrocarbons  (PAHs).  For  selected  stations,  polychlorinated 
biphenyls  (PCBs)  and  organochlorine  pesticides  were  also  analysed.  Parameters  discussed  in  this 


report  include  only  trace  metals,  nutrients  and  particle  size.  A  complete  list  is  provided  in  Table 
1 .  Sediment  analyses  for  PCBs  and  PAHs  were  not  completed  when  this  report  was  written. 


Table  1 :  Sediment  samples  were  analysed  for  the 
following  parameters: 


Total  Organic  Carbon  (TOC) 
Total  Phosphorus  (TP) 


Chromium 

Mercury 

Lead 

Aluminum 

Copper 


Cadmium 

Manganese 

Zinc 

Nickel 

Iron 


Particle  Size 


Sediment  samples  were  analysed  by  EC  at  the  National  Laboratory'  for  Environmental  Testing 
(NLET).  Freeze  dried  sediment  screened  at  2  mm  to  remove  bulk  debris  was  weighed  to  0.5 
grams  in  a  PEA  Teflon  vessel;  9  mL  of  nitric  acid,  2  mL  of  hydrochloric  acid  and  1  mL  of 
hydrogen  peroxide  were  added.  The  vessel  was  sealed,  placed  in  a  high  pressure  microwave  oven 
and  the  sediment  was  allowed  to  digest  at  200   C  for  at  least  15  minutes.  The  digests  were 
brought  to  a  final  volume  of  1 00  mL  with  deionized  water  and  stored  in  EEP  Teflon  bottles.  The 
procedure  was  based  on  EPA  Method  3052  which  describes  the  digestion  of  siliceous  and 
organically  based  matrices.  This  study  was  not  concerned  with  the  extraction  of  silica-bound 
metals,  hence  hydrofluoric  acid  was  not  added  to  the  extraction  mixture.  AL  Ba,  Cr,  Cu,  Fe,  Mn, 
P,  Pb,  Sr,  Ti.  V,  Zn.  Ca  and  Mg  were  analysed  by  inductively  coupled  plasma-optical  emission 
spectrometr>'  (ICP-OES).  After  a  ten-fold  dilution  of  the  digest,  lower  concentration  elements, 
Be,  Cd,  Co,  Li.  Mo.  Ni.  Rb,  Tl,  La  and  U  were  measured  by  inductively  coupled  plasma-mass 
spectrometry  (ICP-MS).  One  gram  of  wet  sediment  was  digested  imder  the  same  microwave 
conditions,  and  Hg  was  analysed  by  cold  vapour  atomic  absorption  spectrometr>'  (CVAAS).  The 
Hg  results  were  reported  on  a  dry  weight  basis  after  the  determination  of  the  moisture  content. 

Particle  size  was  analysed  by  the  Sieve  and  Sedigraph  method.  Sand  and  coarse  fractions  were 
determined  by  using  electromagnetic  8  inch  brass  sieves  while  size  fractions  less  than  63  |im 
were  measured  using  the  5 1 00  x-ray  analyser.  The  two  data  sets  were  merged  to  provide  the  total 
particle  size  analysis. 

For  split  samples  analysed  at  the  MOE  Rexdale  laboratory  all  laborator.  analytical  procedures  for 
contaminants  in  sediment  followed  the  methodology  outlined  in  the  Handbook  of  .Anal>lical 
Methods  for  Environmental  Samples  (MOE  1983).  Procedural  updates  for  metals  analysis  are 


provided  in  MOE  1989a  &  b.  Procedural  updates  for  nutrient  analysis  and  TOC  are  provided  in 
MOEE  1995a  «&b. 

Data  Analysis 

Identification  of  Contaminated  Sediment 

Sediment  contaminant  concentrations  were  compared  with  the  Provincial  Sediment  Quality 
Guidelines  (Persaud  et  al.  1 992).  These  guidelines  describe  three  "effect"  levels  for  different 
contaminants  in  terms  of  potential  effects  on  the  benthic  community:  (1)  the  no  observed  effect 
level;  (2)  the  lowest  effect  level  (LEL)  which  is  the  level  of  sediment  contamination  that  can  be 
tolerated  by  the  majority  of  benthic  organisms  (concentrations  greater  than  this  level  indicate  that 
the  benthic  communities  in  these  areas  may  be  impaired);  and  (3)  the  severe  effect  level  (SEL) 
which  is  the  sediment  concentration  of  a  compound  that  is  expected  to  be  detrimental  to  the 
majority  of  benthic  species.  Sediment  contaminant  concentrations  may  exceed  the  LEL  and/or 
the  SEL  with  no  apparent  impact  on  the  benthic  community,  nevertheless  these  guidelines  serve 
as  a  point  of  reference  to  investigate  the  extent  of  sediment  contamination  within  the  study  area 
and  to  compare  the  relative  contamination  with  other  locations. 

To  compare  sediment  contaminant  concentrations  between  the  north  and  south  side  of  the 
channel  the  median  and  range  in  contaminant  concentrations  were  presented. 

A  principal  components  analysis  using  the  Numerical  Taxonomy  and  Multivariate  Analysis 
System  (PCA)  (NTSYS-pc;  Rohlf  1988)  was  used  to  reduce  the  data  onto  three  components 
representing  the  variables  that  best  correlate  with  one  another  and  explain  the  major  sources  of 
variation  in  sediment  quality  among  the  24  stations.  The  PCA  included  the  3  cm  surface  samples 
and  surface  core  samples  (10  cm)  from  all  stations.  All  data  were  log  transformed  with  the 
exception  of  the  particle  size  data.  The  PCA  was  repeated  using  non-transformed  data,  using  only 
north  shore  data  and  with  only  the  core  data.  The  overall  conclusions  interpreted  from  the 
analysis  remained  the  same  for  all  scenarios. 

Particle  Size  Correction  Method 

Trace  elements  tend  to  accumulate  and  bind  to  the  clay/silt  sediment  fraction  represented  by 
particle  sizes  of  less  than  63  |im  (Forstner  and  Wittmann  1983;  Krumgalz  et  al.  1992). 
Consequently,  the  heterogenous  nature  of  the  sediment  in  the  St.  Lawrence  River  makes  it 
necessary  to  adjust  trace  element  concentrations  for  the  different  particle  size  distributions  at  the 
various  sampling  stations  in  order  to  compare  contaminant  concentrations  between  stations  if  the 
effect  of  depositional  environments  are  to  be  diminished  and  trace  metal  contaminant  sources  are 
to  be  inferred.  There  are  several  methods  frequently  used  to  correct  for  depositional 
environments  and  hence  particle  size  differences  between  stations  (Forstner  and  Wittmann  1983; 
Krumgalz  et  al.  1992). 


The  approach  taken  in  this  report  was  to  normalize  the  anthropogenic  trace  metal  results  to  a 
"conservative"  element  such  as  aluminum  (i.e.  an  element  that  is  not  believed  to  be  locally 
anthropogenic  in  origin).  The  ratio  of  the  other  metals  to  aluminum  should  remain  constant 
across  a  gradient  of  particle  sizes  unless  there  is  an  enrichment  of  the  other  metal  (Forsmer 
1990).  Results  from  the  1994  survey  showed  some  enrichment  of  aluminum  in  sediment  samples 
within  the  study  area  (relative  to  the  upstream  reference  area  that  was  used  for  the  comparison  of 
sediment  quality),  likely  due  to  anthropogenic  atmospheric  sources  in  Massena,  (Richman  1996). 
To  determine  the  appropriateness  of  this  method  of  correction,  aluminum  concentrations 
measured  in  the  surface  sediment  were  compared  with  concentrations  measured  in  the  bottom  of 
core  samples  (expected  to  represent  historical  aluminum  concentrations),  collected  from  the  same 
locations.  Using  the  1994  data  set.  this  type  of  comparison  showed  there  was  less  than  a  30% 
difference  between  surface  and  core  bottom  aluminum  concentrations.  This  difference  was 
within  the  range  of  variability  for  replicate  core  samples  and  suggests  little  change  in  aluminum 
concentrations  over  time.  Accordingly,  a  correction  for  particle  size  was  valid  using  this  method 
although  the  potential  exists  to  underestimate  the  local  enrichment  of  other  metals. 

To  further  complement  the  results  obtained  from  this  correction  method,  the  data  were  also 
corrected  by  normalizing  metal  concentrations  at  all  stations  to  a  fine  particle  (<63  \im)  content 
of  74%.  This  involved  the  multiplication  of  the  contaminant  concentration  at  a  site  by  74%  and 
then  dividing  by  the  actual  percent  silt  plus  clay  for  the  station.  This  percentage  (74%)  was 
chosen  since  it  was  the  median  value  for  the  particle  size  distribution  for  all  samples  collected  in 
the  study  area.  Another  commonly  used  option  would  have  been  to  normalize  the  concentration 
of  contaminants  to  a  fine  particle  content  of  100%  however  this  method  has  a  tendency  to 
produce  inordinately  high  metal  concentrations  at  stations  high  in  sand. 

To  determine  if  the  north  channel  downstream  of  the  major  point  sources  in  Cornwall  was 
contaminated  with  metals,  a  comparison  was  made  between  particle  size  corrected  data  from 
both  this  area  and  sediment  data  collected  from  Maitland.  upstream  of  Cornwall.  Results  from  a 
sediment  survey  in  1991  in  the  Maitland  area  where  48  stations  were  sampled  along  1 1  transects 
were  used  for  the  comparison  (  Richman  and  Townsend  1997).  The  extensive  (116  samples  in 
total)  1991  survey  concluded  that  the  St.  Laurence  River  at  Maitland  was  not  severely 
contaminated  with  metals  or  nutrients  and  concentrations  of  contaminants  at  most  sites  were 
consistent  with  background  stations  making  this  an  appropriate  reference  area.  Details  on 
sampling  methods  and  the  study  area  are  provided  in  Richman  and  Townsend  (1997). 

Accordingly,  all  the  metal  data  from  Maitland  were  corrected  for  particle  size  by  calculating  the 
ratio  of  the  concentration  of  a  particular  metal  to  the  concentration  of  aluminum.  The  mean,  and 
upper  and  lower  95%  confidence  intervals  were  calculated  for  Maitland  and  then  compared  with 
the  normalized  Cornwall  data.  All  metal :A1  ratios  at  Cornwall  stations  greater  than  the  upper 
confidence  limit  for  reference  area  metal:Al  ratios  were  identified  as  being  enriched  with  the 
particular  parameter.  The  same  procedure  was  followed  using  the  correction  method  of 
normalizing  the  data  to  74%  fines. 


Statistical  Approach  to  Assess  Temporal  Changes  in  Sediment  Contaminant 
Concentrations 

Since  the  EC  lab  was  responsible  for  the  1997  analysis  and  the  MOE  lab  analysed  the  1994 
sediment  samples,  an  inter-lab  comparison  of  metals  and  particle  size  analysis  was  required  in 
order  to  assess  temporal  trends.  The  inter-lab  comparison  was  conducted  through  the  splitting  of 
8  samples  from  different  locations  for  analysis  by  each  lab.  A  paired  t-test  was  used  to  compare 
the  metals  data  generated  by  the  two  laboratories.  The  results  from  the  paired  t-test  were  then 
used  to  identify  the  parameters  appropriate  for  the  "between  year"  comparison  to  determine  if 
contaminant  concentrations  in  sediment  had  changed  over  time. 

The  comparison  of  1994  and  1997  data  corrected  for  particle  size  from  six  stations  was  made 
with  a  paired  t-test  by  grouping  stations  within  a  sampling  year  together  to  characterize  the  study 
area  as  a  whole.  This  approach  was  necessary  since  there  was  only  one  sample  at  each  station. 
Contaminant  concentrations  in  10  cm  core  samples  were  used  for  the  comparison.  Because  of  the 
small  sample  size  overall  (only  six  stations  for  the  comparison),  and  the  wide  range  in 
contaminant  concentrations,  a  large  change  in  concentration  over  time  would  be  required  to 
obtain  a  statistically  significant  difference  between  1994  and  1997  data.  As  such  the  change  in 
contaminant  concentrations  over  time  (using  data  that  was  both  corrected  and  uncorrected  for 
particle  size),  was  reviewed  by  simple  subtraction  of  concentrations  between  years  to  investigate 
general  trends. 

Another  method  to  assess  a  change  in  contaminant  concentrations  over  time  was  to  compare 
concentrations  of  metals  in  the  1997  surface  sediment  samples  (top  3  cm)  with  the  concentrations 
in  the  1997  core  samples  (top  10  cm)  collected  from  the  same  stations  using  sampling  sites  from 
both  the  north  and  south  side  of  the  channel.  This  was  based  on  the  assumption  that  the  top  3  cm 
of  sediment  consisted  of  more  recent  material  than  the  top  10  cm.  An  analysis  of  covariance 
(ANCOVA)  was  used  for  the  comparison  between  the  sediment  quality  in  these  two  types  of 
samples.  Particle  size  (%  silt  plus  clay)  was  used  as  the  covariate.  The  heterogeneity  of  slopes 
was  tested  for  each  parameter  as  a  preliminary  step  using  the  SAS  statistical  package  (SAS 
Institute  Inc.  1988).  The  ANCOVA  was  performed  for  each  parameter  if  the  slopes  generated  for 
the  surface  samples  and  10  cm  core  samples  were  not  significantly  different.  The  ANCOVA  was 
performed  on  both  log  transformed  and  non-transformed  data.  Results  from  both  tests  were 
almost  identical,  as  such  results  from  the  log  transformed  data  were  presented  in  this  report. 

Quality  Assurance  /  Quality  Control 

Statistical  analysis  and  results  for  QA/QC  samples  are  provided  in  Appendix  C. 
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RESULTS  AND  DISCUSSION 

Patterns  of  Sediment  Contamination 

Data  for  sediment  contaminant  concentrations  and  particle  size  for  stations  sampled  in  the  St. 
Lawrence  River  are  summarized  in  Table  2  &  3 . 

All  sediment  samples  (10  cm  cores  and  3  cm  surface  samples)  collected  along  the  Cornwall 
waterfront  (north  shore  of  the  channel)  exceeded  the  LEL  for  mercury  and  46  %  of  the  samples 
exceeded  the  SEL  (Table  2,  Figure  2).  These  results  were  consistent  with  previous  sediment 
surveys  which  found  that  the  north  side  of  the  channel  was  contaminated  with  mercury-  (MOE 
1979;  Kauss  et  al.  1988;  Anderson  1991;  Richman  1994,  1996).  In  contrast,  all  surface  samples 
had  mercury  concentrations  less  than  the  LEL  on  the  south  side  of  the  channel.  These  data  also 
confirm  results  from  previous  sur\'eys  and  indicate  that  this  area  was  not  contaminated  with 
mercury  (MOE  1979;  Kauss  et  al.  1988;  Anderson  1991).  Median  concentrations  of  mercur\-  in 
core  top  samples  (3.06  wg/g)  were  higher  on  the  north  shore  compared  with  the  south  shore  (0. 1 3 
«g/g)  (median  concentrations  and  range  provided  in  Table  4). 

In  general  throughout  the  study  area  concentrations  of  cadmium,  nickel,  chromium,  copper,  lead. 
zinc,  total  phosphorus  and  TOC  were  above  the  LEL.  A  comparison  of  metal  sediment 
concentrations  in  samples  (10  cm  cores)  collected  from  the  north  channel  showed  that  median 
concentrations  of  cadmium  (0.89  ug/g),  nickel  (24  wg/g)  and  TOC  (2.5%)  along  the  north  shore 
were  similar  to  concentrations  detected  on  the  south  side  of  the  chaimel  (1 .02  wg/g.  30.8  wg/g  and 
2.5%  respectively).  Median  concentrations  of  copper  and  lead  were  also  similar  on  both  sides  of 
the  channel  but  the  range  in  concentrations  for  copper  and  lead  was  higher  on  the  north  shore 
(particularly  downstream  of  Courtaulds)  than  the  south  shore  (Table  4).  This  is  consistent  with 
data  from  previous  surveys  and  the  discharge  patterns  from  local  industries  (MOE  1991;  MOE 
1992a&b).  Median  concentrations  of  zinc  (186  ug/g)  were  higher  on  the  north  shore  compared 
with  the  south  shore  (136  ug/g)  as  would  be  expected  based  on  historical  discharge  patterns  from 
Courtaulds  (Kauss  et  al.  1988;  Anderson  1991;  Richman  1994,  1996)  (Figure  3).  Enrichment  of 
zinc,  lead  and  copper  on  the  north  shore  downstream  of  Courtaulds  was  confirmed  when  data 
where  corrected  for  particle  size  and  compared  with  contaminant  concentration  upstream  and  on 
the  south  side  of  the  channel. 

All  sediment  samples  from  the  north  side  of  the  channel  (along  the  waterfront)  were  below  the 
LEL  for  manganese  and  only  one  station  had  concentrations  of  iron  above  the  LEL  as  compared 
with  the  south  side  of  the  channel  where  57  %  of  the  samples  exceeded  the  LEL  for  manganese 
and  all  the  samples  exceeded  the  LEL  for  iron.  Median  concentrations  of  aluminum,  iron, 
manganese,  total  phosphorus  and  chromium  were  higher  on  the  south  shore  than  the  north.  Once 
the  sediment  data  were  corrected  for  particle  size  there  were  no  differences  between  both  sides  of 
the  channel  for  any  of  these  parameters. 
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The  surface  samples  (3  cm)  collected  from  both  sides  of  the  channel  showed  a  similar  pattern  of 
sediment  qualit>'  as  discussed  above  for  the  10  cm  core  samples. 

The  principal  components  analysis  (PCA)  was  performed  on  log  transformed  data  using  surface 
samples  (3  cm)  and  core  samples  (top  10  cm).  The  first  axis  grouped  all  variables  together  with 
the  exception  of  lead,  copper  and  zinc  which  all  subsequently  ranked  high  on  the  second  axis 
(Table  5).  Mercur\-  was  grouped  on  both  the  first  and  second  axis  however  it  was  negatively 
correlated  with  the  other  parameters  on  the  first  axis  and  positively  correlated  with  lead,  copper 
and  zinc  on  the  second  axis.  The  second  axis  was  dominated  by  the  variables  associated  with  the 
former  local  discharge  of  contaminants  from  Courtaulds.  These  parameters  were  correlated  with 
one  another  and  stations  with  high  concentrations  of  Hg.  Zn.  Cu,  and  Pb  grouped  together  and 
were  all  located  dov^Tistream,  or  in  the  vicinity  of  the  Courtaulds  shore  based  outfalls  (Figure  4). 

The  stations  on  the  south  shore  of  the  channel  where  concentrations  of  the  parameters  were  low 
were  also  all  grouped  together  in  the  lower  right  side  of  the  graph.  Figure  4  shows  station  167 
and  168  (downstream  of  the  Domtar/ICI  diffuser)  grouped  with  stations  that  were  high  in  Hg  but 
with  relatively  low  concentrations  of  Zn,  Pb,  and  Cu.  The  first  axis  explained  59%  of  the 
variation  in  the  data.  By  including  the  second  axis  81%  of  the  variability  was  explained. 

The  PCA  using  onh'  percent  silt  produced  results  which  were  the  same  as  the  original  analysis 
which  used  percent  silt,  clay  and  sand  ensuring  that  the  outcome  of  the  first  PCA  was  not 
artificially  driven  by  overweighting  the  analysis  with  particle  size  variables  (Appendix  D).  The 
PCA  was  again  repeated  using  only  data  from  the  north  shore  and  the  results  and  overall 
conclusions  were  the  same  as  described  abo\e.  As  well,  the  PCA  using  only  core  data  also 
resulted  in  the  same  conclusions. 

Particle  Size  Corrections  of  Sediment  Contaminant  Data 

A  comparison  of  particle  size  corrected  data  from  Cornwall  with  data  from  Maitland  shows  that 
the  sediment  do-wnstream  of  the  Cornwall  point  sources  was  not  enriched  with  cadmium, 
chromium,  iron,  manganese  and  nickel.  For  these  parameters,  the  ratios  (metakAl)  generated  for 
surface  and  core  samples  collected  from  both  the  north  and  south  side  of  the  channel  were  all  less 
than  the  lower  95%  confidence  inter\'al  or  were  within  the  confidence  bands  generated  for  the 
Maitland  data.  When  the  data  were  corrected  by  normalizing  metal  concentrations  at  all  stations 
to  a  fine  particle  (<63  \im)  content  of  74  %  the  results  showed  the  same  pattern.  All  data  for  the 
comparisons  between  the  study  area  and  reference  area  are  provided  in  Appendix  B(l),  B(2)  & 
B(3). 

The  copper,  lead.  mercur\'  and  zinc  ratios  for  samples  collected  from  the  south  side  of  the  north 
channel  were  all  less  than  the  lower  95%  confidence  interval  generated  for  the  upstream 
reference  area  confirming  previous  observations  that  there  was  no  enrichment  of  these 
parameters  along  the  south  shore.  The  corrected  concentrations  for  these  parameters  calculated 
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TABLE  5:  Component  loadings  and  percent  of  total  variance  explained  for  the  PCA  of  sediment 
quality  in  the  St.  Lawrence  River,  1997. 


Log  Transformed  Data 

PCI 

PC  II 

PCIII 

Aluminum 

0.944 

-0.141 

0.1 

Cadmium 

0.842 

0.3 

-0.026 

Chromium 

0.948 

0.19 

0.175 

Copper 

0.621 

0.721 

0.044 

Iron 

0.904 

-0.291 

0.06 

Mercury 

-0.612 

0.653 

-0.207 

Manganese 

0.79 

-0.431 

0.104 

Nickel 

0.936 

0.018 

-0.028 

Phosphorus 

0.785 

-0.295 

0.23 

Lead 

0.135 

0.922 

0.271 

Zinc 

0.208 

0.923 

0.13 

TOC 

0.496 

0.176 

-0.8 

Sand 

-0.939 

-0.058 

0.136 

Silt 

0.891 

0.12 

-0.113 

Clay 

0.859 

-0.11 

-0.14 

Percent  of  total  variance  explained 

59%  81%  87% 
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by  normalizing  metal  concentrations  at  ail  stations  to  a  fine  particle  (<63  |im)  content  of  74  % 
provided  the  same  conclusions  supporting  the  results  fi-om  the  aluminum  normalization  method. 

Core  samples  collected  along  the  Cornwall  waterfront  at  stations  CS109,  CSl  15,  CSl  17  and 
CS164  had  Cu:Al  and  Pb:Al  ratios  that  were  greater  than  the  upper  95%  confidence  interval 
generated  for  Maitland  indicating  enrichment  (Figure  5).  For  copper,  this  also  occurred  at  station 
CSl 26  and  CSl 32  and  for  lead  this  also  occurred  at  station  CSl 27.  The  results  suggest 
enrichment  of  copper  and  lead  at  these  stations.  For  surface  samples  (top  3  cm)  stations  CSl  09, 
CSl  15  and  CSl 64  showed  copper  enrichment  relative  to  Maitland  while  only  station  CSl 09  and 
CSl 64  showed  lead  enrichment.  These  stations  were  all  located  dowTistream  of  Courtaulds  which 
has  been  associated  with  the  discharge  of  these  parameters. 

All  the  core  samples  collected  on  the  north  shore  had  higher  ratios  of  Zn:Al  than  the  95%  upper 
confidence  limit  generated  for  the  upstream  reference  area  with  the  exception  of  stations  CSl  66, 
CSl  67  and  CSl  68  located  downstream  of  the  Domtar/ICl  diffuser  but  upstream  of  Courtaulds. 
This  is  consistent  with  patterns  of  zinc  discharge  which  was  primarily  fi^om  Courtaulds.  Ratios  of 
Zn:Al  were  approximately  two  to  six  times  higher  downstream  of  Courtaulds  when  compared  to 
ratios  generated  for  stations  located  upstream  of  the  facility.  The  ratios  calculated  for  the  surface 
samples  (3  cm)  generally  showed  the  same  pattern. 

Corrected  concentrations  of  zinc  and  lead  calculated  by  normalizing  metal  concentrations  at  all 
stations  to  a  fine  particle  (<63  ]im)  content  of  74%  showed  the  same  pattern  of  contamination  as 
the  aluminum  normalizing  approach,  with  only  one  exception  (station  CSl 32).  This  method  did 
not  suggest  copper  enrichment  relative  to  the  upstream  reference  area,  although  qualitatively 
stations  along  the  north  shore  were  enriched  relative  to  the  south  shore  using  corrected  and 
uncorrected  data.  This  is  effectively  an  artifact  of  the  correction  method  since  some  sampling 
stations  in  Maitland  were  greater  than  90%  sand.  When  corrected  to  a  fine  particle  size  content  of 
74%  the  extrapolated  copper  concentrations  become  exceedingly  large  making  it  more  difficult  to 
show  enrichment. 

All  samples  (surface  and  10  cm  core  samples)  along  the  north  shore  had  higher  Hg:Al  ratios  than 
the  95%  upper  confidence  limits  generated  for  Maitland,  suggesting  enrichment  of  all  stations 
downstream  of  Cornwall  point  sources.  This  is  consistent  with  local  mercur.  discharge  patterns. 
Ratios  for  the  core  samples  ranged  from  2  tol33  times  higher  than  the  upper  confidence  limit  for 
the  Maitland  area  with  most  ratios  greater  than  20  times  higher.  For  surface  samples,  the  ratios  of 
Hg:Al  were  5  to  1 14  times  higher  in  Cornwall  than  the  95%  upper  confidence  limit  generated  for 
Maitland.  The  same  results  applied  to  the  particle  size  correction  method. 

Contaminants  in  Core  Top  Samples  Compared  With  Core  Bottom  Samples 

Metal,  total  phosphorus  and  TOC  concentrations  in  the  bottom  of  the  core  samples  collected 
from  the  three  stations  downstream  of  DomtarlCI  and  the  three  stations  from  the  south  shore 
deposit  were  compared  with  the  1 0  cm  core  top  samples  and  3  cm  surface  samples  from  the  same 
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locations  to  determine  if  there  had  been  changes  in  sediment  quahiv'  over  time  and  to  confirm 
whether  these  locations  were  historically  contaminated  with  mercur>'.  Concentrations  of  all 
parameters  at  station  CS-166  (Downstream  of  Domtar/ICI)  and  at  station  CS175,  CS179  and 
CS181  (south  side  deposit)  in  the  bottom  of  the  cores  were  similar  to  concentrations  found  in  the 
top  10  cm  core  samples  and  surface  samples  for  all  metals,  total  phosphorus  and  TOC  (Table  2). 
This  suggests  little  change  in  sediment  quaJit>-  over  time  at  these  four  stations  based  on  the 
assumption  that  the  samples  collected  from  the  bottom  of  the  cores  reflect  historical  conditions 
relative  to  the  sediment  located  at  the  top  of  the  cores.  The  particle  size  distribution  (percent  silL 
clay  and  sand),  in  the  top  of  the  cores  for  these  four  stations  was  almost  identical  to  the  particle 
size  distribution  in  samples  collected  from  the  bonom  of  the  cores  which  strengthens  the 
comparison  of  metal  concentrations  between  the  two  sample  t>pes. 

At  station  CS167  and  CS168  (downstream  of  DomtarTCI).  sediment  concentrations  for  many  of 
the  parameters  were  higher  in  the  core  bottom  samples  when  compared  with  the  1 0  cm  core  top 
samples  and  3  cm  surface  samples,  however,  this  was  likely  due  to  differences  in  particle  size 
distributions  between  the  samples.  The  bottom  of  the  cores  were  high  in  percentage  cla>  plus  silt 
(91.2%  and  96.4%  respectively)  wWle  the  core  top  samples  were  much  higher  in  percentage  sand 
(Table  3).  The  percentage  clay  plus  silt  in  the  top  of  the  cores  was  only  72.1%  for  station  CS167 
and  58%  for  CS168.  The  3  cm  surface  samples  at  these  rvvo  stations  had  similar  metal 
concentrations  as  the  10  cm  core  top  samples  and  similar  particle  size  distributions  (Table  2  & 
3). 

The  metal  concentrations  in  the  samples  from  these  two  stations  were  corrected  by  normalizing 
the  trace  metals  to  aluminum  concentrations.  The  ratios  for  all  the  parameters  (with  the  exception 
of  mercun.).  were  similar  between  the  core  top  samples  and  the  core  bottom  samples  %eritying 
that  the  discrepancies  in  metal  concentrations  were  likely  due  to  particle  size  differences 
(Appendix  Bl). 

However  for  mercur>'  the  correction  method  generated  ratios  that  were  three  and  ti\  e  times 
higher  in  the  bottom  samples  than  the  top  samples  respectively  for  station  CS167  and  CS168. 
This  suggest  that  the  high  concentrations  of  mercur.-  in  the  bottom  samples  at  stations  CS-167 
and  CS-168  were  due  to  enrichment  and  cannot  be  due  to  particle  size  differences  alone.  These 
high  concentrations  most  likely  were  due  to  upstream  discharges  of  mercmy  from  the  Fly  Creek 
sewer  which  historically  discharged  effluent  from  Domtar  and  ICI.  .-Mthough  station  CS166  was 
close  to  stations  CS167  and  CS 168  the  data  suggest  it  was  not  impacted  by  the  upstream  source 
since  mercur>'  concentrations  were  low  in  core  top  and  bottom  samples.  More  samples  collected 
from  this  area  would  provide  a  better  indication  of  the  areal  extent  of  impact  by  the  upstream 
point  source.  Previous  surveys  show  a  patchy  distribution  in  the  area.  Howe\er,  these  limited 
data  support  results  from  pre\ ious  studies  which  showed  that  this  area  was  contaminated. 
Historical  data  show  that  mercur.-  concentrations  were  as  high  as  18.2  Mg/g  in  1975  and  19.8  «g,g 
in  1979  in  the  vicinit>  of  the  1997  stations  (MOE  1979:  Kauss  et  al.  1988)'! 
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Comparison  of  1997  Data  with  1994  Data 

Split  samples  for  interlaboratory  comparisons  between  MOE  and  EC  for  metal  and  particle  size 
analysis  were  compared  using  a  paired  t-test.  The  paired  t-test  showed  there  was  no  significant 
difference  in  trace  metal  data  between  the  two  laboratories  for  iron,  chromium,  mercury, 
manganese,  nickel  and  lead  (p>0.05).  As  well,  there  was  no  significant  difference  between  the 
two  laboratories  for  particle  size  analysis.  The  EC  laborator>'  consistently  reported  higher 
aluminum  values  than  the  MOE  lab  (p<0.001),  while  the  MOE  lab  reported  higher  cadmium 
(p<0.001),  copper  (p<0.01)  and  zinc  (p<0.02)  concentrations.  Resuhs  of  the  statistical  analysis 
are  presented  in  Table  6  (raw  data  are  provided  in  Appendix  E).  A  comparison  of  sediment  data 
between  years  to  determine  changes  in  sediment  quality  over  time  was  therefore  limited  to 
parameters  with  concentrations  that  were  not  found  to  be  significantly  different  between 
laboratories. 

The  effect  of  these  results  on  the  particle  size  correction  methods  and  subsequent  comparison  of 
the  sediment  quality  in  the  Cornwall  area  with  the  upstream  reference  area  which  had  sediment 
that  was  analyzed  by  the  MOE  laboratory,  actually  underestimates  the  contamination  in 
Cornwall.  The  identification  of  sites  that  were  enriched  with  Hg,  Zn,  Cu  and  Pb  was  conservative 
using  either  method  of  particle  size  correction  with  both  correction  methods  likely 
underestimating  the  number  of  sites  that  were  enriched. 

Since  previous  surveys  suggest  that  the  sediment  quality  in  the  study  area  was  heterogenous 
(MOE  1979;  Richman  1996),  direct  comparison  of  data  on  a  station  by  station  basis  between 
years  required  that  the  stations  be  located  close  to  one  another  for  the  comparison  to  be  relevant. 
The  1 994  QA/QC  data  using  triplicate  core  samples  from  six  stations  showed  that  within  station 
variability  increased  when  the  distance  between  replicate  cores  increased  from  1  to  7  meters.  The 
1997  QA/QC  data  (Appendix  C)  for  within  station  variability  showed  good  agreement  in 
concentrations  for  samples  collected  about  7  meters  apart  but  variability  increased  as  distance 
between  samples  increased.  Based  on  the  northing  and  easting  recorded  in  the  field  in  1 997, 
stations  CS105,  CS109,  CS117,  CS127,  CS135  and  CS164  were  not  considered  to  be  the  same  as 
their  counterparts  in  the  1994  survey.  The  remaining  stations  were  close  (<8  meters)  to  the 
original  stations  in  1994  allowing  for  better  data  comparisons  (northing  and  easting  data  provided 
in  Appendix  A). 

Accordingly,  results  from  the  1997  survey  for  stations  CS115,  CS126,  CS128,  CS131,  CS132 
and  CS156  were  compared  with  results  from  the  same  locations  collected  inl994  using  a  paired 
t-test  to  determine  if  there  was  a  change  in  sediment  quality.  Using  1994  and  1997  data  corrected 
for  particle  size  differences  (by  normalizing  the  contaminant  concentrations  to  a  particle  content 
of  74%  fines)  there  was  no  significant  difference  in  sediment  concentrations  between  1994  and 
1997  for  mercury,  chromium,  nickel,  iron  and  manganese.  There  was  a  statistical  difference  in 
concentrations  between  years  for  lead  (p<0.01),  phosphorus  (p<0.001)  and  TOC  (p<0.01)  (Table 
7). 
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The  change  in  concentration  (delta)  was  also  calculated  on  both  particle  size  corrected  and 
uncorrected  data  to  compare  concentrations  between  years  at  each  station  (Table  8).  The  most 
noteworthy  changes  include  a  decrease  in  concentrations  of  lead,  phosphorus  and  %  TOC  at  all 
six  stations  (with  the  exception  of  Pb  at  CS132).  These  decreases  were  statistically  significant 
according  to  results  from  the  paired  t-test  (Table  7).  Nickel  concentrations  were  lower  in  1997 
than  1 994  at  five  stations  but  the  decrease  was  not  statistically  significant.  Additionally,  Hg 
concentrations  increased  at  four  stations,  decreased  at  station  CS126  and  generally  remained  the 
same  at  station  CS156.  However,  these  changes  in  concentration  were  also  not  statistically 
significant.  A  review  of  the  QA/QC  analysis  (Appendix  C2)  indicates  that  the  coefficient  of 
variance  for  Hg  within  the  box  corer  was  high  relative  to  the  other  parameters  (range  -  12%  to 
23%).  This  variability  should  be  considered  when  comparing  concentrations  between  years.  As 
well,  QA/QC  data  used  to  examine  within  station  variability  (Appendix  C3)  show  a  patchy 
distribution  for  total  phosphorus  making  it  difficult  to  distinguish  changes  in  phosphorus 
concentrations  over  time  from  the  inherent  spatial  variability  in  the  sediment. 

Any  conclusions  regarding  changes  in  sediment  quality  between  1994  and  1997  for  the  study  area 
based  on  this  limited  data  set  are  tentative.  It  is  unknown  if  three  years  between  sampling  dates  is 
sufficient  to  measure  real  change  in  sediment  contaminant  concentrations  in  a  river  where 
sediment  transport,  deposition  and  resuspension  on  an  annual  basis  may  be  significant. 

Comparison  of  Surface  Sample  (3  cm)  Concentrations  With  Concentrations  in  the  Surface 
Core  Samples  (10  cm). 

Since  the  sediment  surface  is  subjected  to  constant  mixing  due  to  changes  in  flow,  deposition  of 
new  sediment  and  resuspension  of  existing  surface  sediment  in  addition  to  mixing  from 
bioturbation,  differences  in  sediment  concentration  between  the  sediment  layers  requires  cautious 
interpretation.  An  ANCOVA  using  particle  size  as  the  covariate  was  performed  on  the  log 
transformed  data  to  distinguish  a  difference  between  contaminant  concentrations  in  surface 
samples  and  core  samples.  A  test  for  heterogeneity  of  slopes  showed  that  there  was  no  significant 
difference  between  slopes  for  all  parameters  for  the  two  sample  types  with  the  exception  of  lead 
(p<0.02)  (Table  9).  As  a  result  lead  was  dropped  from  the  analysis.  Particle  size  accounted  for  a 
significant  amount  of  the  variation  in  sediment  concentration  for  all  parameters  with  the 
exception  of  zinc  and  total  phosphorus. 

The  ANCOVA  found  that  there  was  no  significant  difference  in  metal  concentrations  in  the 
surface  samples  compared  with  the  1 0  cm  core  top  samples  for  all  the  parameters  tested  with  the 
exception  of  cadmium  (p<0.042)  and  chromium  (p<0.036)  which  showed  weak  statistical 
differences  (Table  9).  A  Bonferroni  correction  to  adjust  the  P  value  for  multiple  comparisons 
would  likely  find  that  these  two  parameters  were  not  significantly  different.  This  suggests  that 
sediment  quality  has  not  changed  at  the  surface  relative  to  the  underlying  sediment  for  most 
parameters,  however,  sediment  mixing  due  to  bioturbation  and  other  physical  processes  within 
the  river  may  make  any  changes  in  sediment  quality  too  small  to  measure. 
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CONCLUSIONS 

The  following  conclusions  have  been  based  on  the  stated  survey  objectives. 

1)  Surface  sediment  located  in  the  deposition  zone  about  1.4  km  downstream  of  the  Domtar/ICI 
diffuser  has  mercury  concentrations  greater  than  the  LEL  but  less  than  the  SEL. 

Sediment  at  this  site  was  historically  contaminated  with  mercury.  This  is  evident  from  high 
concentrations  in  sediment  collected  from  the  bottom  of  the  core  (4.63  wg/g  and  13.70  ug/g) 
relative  to  mercury  concentrations  in  sediment  at  the  top  of  the  core  sample  (1.19  wg/g  and  1. 71 
ug/g  respectively)  . 

This  area  was  not  contaminated  with  other  metals. 

2)  Sediment  located  adjacent  to  the  north  east  side  of  Cornwall  Island  was  not  contaminated 
with  metals. 

3)  The  highest  concentrations  of  mercury,  lead,  copper  and  zinc  in  the  study  area  were  located 
downstream  of  the  former  Courtaulds  Fibre  Canada  facility.  Remediation  of  contaminated 
sediment,  if  considered,  should  be  focussed  in  this  deposition  zone.  Sampling  sites  in  this  area 
could  be  used  for  future  monitoring  to  assess  temporal  changes  in  sediment  quality. 
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APPENDIX  A:  Station  location  for  sediment  sampling  survey  in  the  St  Lawrence  River.  1997. 


Station 
CS105 
CS109 
CS115 
CS117 
CS126 
CS127 
CS128 
CS131 
CS132 
CS135 
CS156 
CS164 
CS166 
CS167 
CS168 
CS171 
CS172 
CS173 
CS175 
CS176 
CS177 
CS179 
CS181 
CS182 


Sampling  Date 
97-10-22 
97-10-22 
97-10-22 
97-10-22 
97-10-23 
97-10-22 
97-10-23 
97-10-23 
97-10-23 
97-10-23 
97-10-21 
97-10-22 
97-10-21 
97-10-22 
97-10-21 
97-10-21 
97-10-21 
97-10-23 
97-10-23 
97-10-23 
97-10-23 
97-10-23 
97-10-21 
97-10-21 


Northing 
498481960 
4984878.70 
4984932.70 
4985001  00 
498503820 
4985064  40 
4985063.90 
4985169.20 
4985195.00 
4985277.50 
4985718.00 
498494330 
4984027.00 
4984039.00 
4984060.60 
4985668.00 
4985955.70 
4984838.00 
4984852.30 
4984773.90 
4984825.00 
4984798.60 
4984785.00 
4984827  90 


Easting 
5239380 
523978.8 
5240875 
524182.0 
524381.7 
524391.8 
524479.0 
524567.2 
524621.7 
524738.5 
525505,1 
524067.5 
521105.6 
521149.9 
521183  4 
5268650 
5270258 
525372.6 
525541.7 
5256326 
5257630 
5259400 
526195.0 
526295.7 


1994  station  locations 

Northing 

Easting 

CS05 

4984856  3 

5239258 

CS09 

4984887.7 

523966.0 

CS15 

49849338 

524079  1 

CS17 

4984991  1 

5241805 

CS26 

4985031  2 

5243827 

CS27 

49850767 

5244037 

CS28 

4985061.0 

5244783 

CS31 

4985167.6 

524564  7 

CS32 

4985190.8 

524620.1 

CS35 

49852766 

5247227 

CS56 

49857226 

5255030 

CS64 

49849533 

5240566 

CS31-S 

49851725 

524564  1 

QA/QC  site  locations 


CS126 

97-10-23 

4985031  5 

524387.2 

CS164 

97-10-22 

4984945.7 

524067.9 

CS167 

97-10-22 

4984040.5 

521143.4 

CS176 

97-10-23 

4984776.7 

525619.3 

CS135 

97-10-23 

Data  unavailable 

Estimated  Core  Lengths 

CS166 

29  cm 

CS167 

20  cm 

CS168 

23  cm 

CS175 

24  cm 

CS179 

20  cm 

CS181 

24  cm 

Samples  not  submitted 
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APPENDIX  C 

QualiK  Analysis\Quality  Control  -  Among  and  Within-Station  Variability. 

VariabiliU'  in  sediment  contaminant  concentrations  for  all  parameters  among  and  within  stations 
was  compared  using  field  replicates  for  core  samples  collected  from  four  stations  (CS126, 
CS135,  CS164,  CS167).  Three  replicate  core  samples  were  collected  from  within  a  single  mini- 
box  corer  at  each  of  the  four  stations.  These  results  were  used  to  assess  among  station  variability 
and  the  variabilit>'  associated  within  the  mini-box  corer.  At  each  of  the  QA/QC  stations  a  routine 
sample  was  also  collected  for  the  analyses  described  throughout  this  report.  This  sample  which 
was  collected  fi-om  a  separate  drop  of  the  mini-box  corer  was  compared  with  the  QA'QC  samples 
from  the  same  station  to  assess  within  station  variability.  Within  sample  variability'  was  assessed 
by  collecting  split  samples  from  one  station  (CS135).  The  three  way  split  of  each  of  two  core 
samples  from  station  CS135  was  used  to  assess  the  variability'  associated  with  sample 
homogenization,  possible  sample  contamination  fi-om  handling  practices,  and  laboratory' 
"analytical  error".  Data  for  within  sample  variability  was  available  for  all  parameters  with  the 
exception  of  mercury.  All  raw  data  are  provided  in  Appendix  C4. 

An  analysis  of  variance  ( ANOVA)  was  performed  on  both  log  transformed  and  non-transformed 
core  data  to  estimate  the  proportion  of  the  total  variability  associated  with  the  between  station 
and  within  mini-box  core  components  (Appendix  CI).  The  percent  variability  associated  with 
each  category  was  calculated  by  first  calculating  the  variance  components  using  the  expected 
mean  squares  for  each  category  and  then  comparing  the  variance  components  with  the  total 
variance. 

Using  the  non-transformed  data,  the  lowest  source  of  variability  in  the  core  samples  was 
associated  with  the  within  mini-box  component  for  all  parameters  (with  the  exception  of  iron, 
manganese  and  total  phosphorus).  The  percent  variability  associated  with  the  two  components 
were  similar  for  chromium.  This  suggests  that  sediment  within  the  confines  of  the  mini-box  corer 
was  homogeneous  for  most  parameters.  The  ANOVA  found  a  significant  difference  between 
station  concentrations  (p  values  ranged  from  0.0001  to  0.04)  for  all  parameters  tested  with  the 
exception  iron,  manganese  and  total  phosphorus.  Accordingly,  for  all  parameters  with  the 
exception  of  iron,  manganese  and  total  phosphorus,  the  total  variability  within  the  mini-box  corer 
was  low  enough  that  differences  between  stations  could  be  determined. 

The  results  of  the  ANOVA  suggest  that  for  iron,  manganese  and  total  phosphorus  (chromium  to  a 
lesser  extent),  the  variability  in  sediment  concentrations  within  the  box  was  greater  than  between 
stations.  However,  these  results  were  likely  due  to  the  narrow  range  in  concentrations  for  these 
parameters  throughout  the  study  area  rather  than  due  to  large  differences  within  the  mini-box 
corer.  Differences  in  concentrations  between  stations  were  not  identified  because  the 
concentrations  of  these  parameters  in  the  sediment  were  similar  among  the  stations. 

The  ANOVA  using  log  transformed  data  provided  the  same  results  as  described  above. 


For  most  parameters,  variability  (expressed  as  the  coefficient  of  variance  -  C  V  Appendix  C2) 
within  the  mini-box  corer  was  low  (less  than  1 2%)  based  on  the  replicate  core  data,  with  only  a 
few  exceptions.  One  station  (CS126)  had  consistently  higher  CV's  for  most  parameters  than  at 
the  other  three  stations  although  they  were  still  low  and  ranged  from  4%  to  23%.  The  CVs  for  all 
parameters  at  station  CS164,  CS167  and  CS135  were  less  than  12%  with  only  one  exception  at 
station  CS164  where  the  CV  for  lead  was  23%  and  at  station  CS167  where  the  CV  for  mercury 
was  1 8%.  This  suggests  that  variability  in  sedhnent  quality  within  the  mini-box  corer  was  low 
but  did  vary  between  stations  and  with  the  parameter.  Mercury  and  lead  had  the  highest  within 
box  core  variability. 

Unlike  the  other  QA/QC  stations,  samples  collected  from  station  CI 35  were  a  combination  of 
one  single  sample  and  two  additional  samples  that  were  each  split  into  three  sub-samples.  Hence 
the  CV  for  each  parameters  was  calculated  by  two  different  methods.  The  CV  was  determined 
based  on  a  mean  that  was  calculated  by  using  the  first  sample  from  each  split  sample  and  the 
third  replicate  (which  was  a  single  sample)  as  well  as  by  using  the  mean  from  each  split  sample 
combined  with  the  third  replicate  single  sample.  In  both  cases  the  CV  for  all  parameters  were 
almost  identical,  and  with  only  one  exception  all  CVs  were  less  than  10%.  These  results,  overall, 
suggest  that  the  mini-box  corer  was  a  useful  tool  to  accommodate  a  sampling  design  that  required 
several  samples  from  a  single  site  since  variability  within  the  box  was  low.  As  well,  the  results 
suggest  that  for  most  parameters  individual  samples  collected  from  the  mini-box  corer 
adequately  described  the  sampling  device  without  replication. 

Variability  for  almost  all  parameters  was  low  within  split  samples  (station  CS135)  suggesting 
that  the  samples  were  well  mixed  prior  to  distribution  among  sample  jars  (Appendix  C2).  Based 
on  laboratory  QA/QC  information  some  variability  between  split  samples  may  be  due  to 
analytical  error.  The  CVs  for  the  two  split  samples  for  all  parameters  ranged  from  1  to  2 1  %  with 
values  for  most  parameters  less  than  10%.  The  highest  variability  was  associated  with  total 
phosphorus  and  lead  for  both  split  samples  and  with  zinc  (14%)  for  one  split  while  the  other  split 
had  a  CV  for  zinc  of  only  5%. 

Within  station  variability  was  assessed  by  comparing  the  concentration  of  the  parameter  in  the 
routine  sample  core  with  the  mean  and  95%  upper  and  lower  confidence  intervals  generated  for 
the  thiree  replicate  samples  from  the  QA/QC  mini-box  core  (Appendix  C3i  &  C3ii).  Comparisons 
were  made  using  both  particle  size  corrected  and  uncorrected  data.  Results  were  similar  using 
both  data  sets  since  particle  size  differences  between  samples  at  any  one  station  were  low. 
Because  the  sample  size  was  small  (n=3),  a  t-test  would  have  produced  results  with  a 
predisposition  to  accepting  the  null  hypothesis  smce  the  power  of  the  test  would  have  been  low. 

Results  from  the  comparison  between  the  routine  stations  with  the  QA/QC  samples  suggest  some 
variability  of  contaminant  concentrations  within  a  station  (particularly  for  total  phosphorus  and 
to  a  lesser  extent  for  lead),  but  typically  the  difference  in  concentrations  were  not  large.  For  most 
parameters  the  concentrations  for  the  routine  samples  tended  to  be  within  the  upper  and  lower 
confidence  bands  generated  for  the  QA/QC  samples.  Samples  which  fell  outside  the  confidence 
bands  were  not  sufficiently  different  to  be  environmentally  significant  (i.e.  the  difference  in 
concentration  in  almost  all  cases  did  not  change  the  designation  of  whether  the  sample  was  above 


of  below  the  sediment  qualit>'  guidelines).  Variability  within  these  stations  appears  to  be  low 
suggesting  that  single  samples  adequately  represent  a  site.  A  review  of  the  station's  northing  and 
easting  for  the  QA/QC  samples  (Appendix  A)  show  that  QA/QC  stations  CS164  and  CS167  were 
fairly  close  to  the  original  samples. 

For  station  CS126  the  QA/QC  station  location  difference  was  about  5.5  m  east  and  7  m  south  of 
the  original  site,  possibly  providing  an  explanation  for  the  higher  variability  in  contaminant 
concentrations  observed  at  that  station  relative  to  the  other  QA/QC  sites.  The  confidence  bands 
generated  for  this  station  were  also  wide  due  to  the  high  variabilit>-  within  the  mini-box. 
Relatively  high  variability  within  the  box  and  within  the  site  suggest  that  this  area  may  have  a 
patchy  sediment  quality. 

For  QA/QC  station  CS135  mercury  concentrations  were  only  provided  for  the  single  replicate 
samples.  However,  the  samples  collected  for  the  EC/MOE  interlaborator\'  comparison  were  also 
collected  from  the  same  mini-box  as  the  QA/QC  samples  which,  therefore,  essentially  provided 
an  additional  replicate  for  the  QA/QC  mini-box  drop.  The  mercur>-  concentration  in  the  single 
replicate  was  1 1.3  «g/g  while  the  concentration  in  the  interlab  comparison  sample  was  9.41  wg/g. 
Both  concentrations  were  high  compared  with  the  mercur>'  concentration  in  the  routine  sample 
(3.75  wg/g).  Information  on  the  exact  location  of  the  QA/QC  sample  was  not  available  to 
determine  the  distance  between  each  drop  of  the  mini-box  corer.  Speculation  on  within  site 
variability  for  Hg  at  this  station  is  therefore  not  possible. 

In  general,  for  the  four  QA/QC  stations,  there  was  good  agreement  for  all  parameters  between  the 
EC  samples  from  the  interlaborator>'  comparison  with  the  three  replicates  collected  for  QA/QC 
analysis  (Appendix  E). 


APPENDIX  C(1):  The  expected  mean  squares  generated  by  the  ANOVA  using  non-transformed  data  were 
used  to  calculate  the  variance  components  associated  with  the  between  station  variability  and  within 
station  variability.  The  percent  'variability  within  each  component  was  calculated  relative  to  the  "total" 
variability  based  on  the  total  variance  component. 


\/ariance 

Percent 

Variance 

Percent 

Component 

\/ariability 

Component 

Variability 

Aluminum 

Nickel 

Total 

3628438.907 

Total 

12.740 

STN 

2870641.657 

79 

STN 

7.885 

62 

REP(STN) 

757797.250 

21 

REP(STN) 

4.855 

38 

Cadmium 

Lead 

Total 

0.048 

Total 

4387.637 

STN 

0.043 

91 

STN 

4005.757 

91 

REP(STN) 

0.004 

9 

REP(STN) 

381.880 

9 

Chromium 

Zinc 

Total 

29.895 

Total 

46366.380 

STN 

15.750 

53 

STN 

45650.630 

98 

REP(STN) 

14.144 

47 

REP{STN) 

715.750 

2 

Copper 

Total  Phosphorus 

Total 

174.146 

Total 

2836.361 

STN 

163.586 

94 

STN 

856.528 

30 

REP(STN) 

10.559 

6 

REP(STN) 

1979.833 

70 

Iron 

TOC 

Total 

766211.130 

Total 

1.200 

STN 

375088.880 

49 

STN 

1.171 

98 

REP(STN) 

391122.250 

51 

REP(STN) 

0.028 

2 

Manganese 

Mercury 

Total 

293.565 

Total 

17.128 

STN 

60.481 

21 

STN 

15.594 

91 

REP(STN) 

233.083 

79 

REP(STN) 

1.534 
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APPENDIX  D:  Component  loadings  and  percent  of  total  variance  explained  for  the  RCA  of  sediment 
quality  in  the  St.  Lawrence  River,  1997. 

Log  Transformed  Data  -  using  only  percent  silt 


PCI 

PC  II 

PC  III 

Aluminum 

0.952 

-0.151 

0.06 

Cadmium 

0.84 

0.293 

-0.028 

Chromium 

0.961 

0.179 

0.138 

Copper 

0.644 

0.714 

0.005 

Iron 

0.912 

-0.3 

0.014 

Mercury 

-0.601 

0.658 

-0.216 

Manganese 

0.793 

-0.438 

0.065 

Nickel 

0.93 

0.011 

-0.034 

Phosphorus 

0.799 

-0.308 

0.178 

Lead 

0.151 

0.918 

0.271 

Zinc 

0.21 

0.923 

0.145 

TOC 

0.486 

0.175 

-0.831 

Silt 

0.872 

0.115 

-0.163 

Percent  of  total  variance  explained 

56%  81%  88% 
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